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Abstract Previous studies in the fynbos biome of the
Western Cape, South Africa, have suggested that biological
decomposition rates in the fynbos vegetation type, on poor
soils, may be so low that ﬁre is the main factor contributing
to litter breakdown and nutrient release. However, the
fynbos biome also comprises vegetation types on more
fertile soils, such as the renosterveld. The latter is deﬁned
by the shrub Elytropappus rhinocerotis, while the shrub
Galenia africana may become dominant in overgrazed
areas. We examined decomposition of litter of these two
species and the geophyte Watsonia borbonica in patches of
renosterveld in an agricultural landscape. In particular, we
sought to understand how plant species identity affects
litter decomposition rates, especially through variation in
litter stoichiometry. Decomposition (organic matter mass
loss) varied greatly among the species, and was related to
litter N and P content. G. africana, with highest nutrient
content, lost 65% of its original mass after 180 days, while
E. rhinocerotis had lost ca. 30%, and the very nutrient poor
W. borbonica \10%. Litter placed under G. africana
decomposed slightly faster than when placed under E.
rhinocerotis. Over the course of the experiment, G. afri-
cana and E. rhinocerotis lost N and P, while W. borbonica
showed strong accumulation of these elements. Decom-
position rates of G. africana and E. rhinocerotis were
substantially higher than those previously reported from
fynbos vegetation, and variation among the species inves-
tigated was considerable. Our results suggest that ﬁre may
not always be the main factor contributing to litter break-
down and nutrient release in the fynbos biome. Thus,
biological decomposition has likely been underestimated
and, along with small-scale variation in ecosystem pro-
cesses, would repay further study.
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Introduction
In terrestrial systems, plant species composition affects
herbivores and decomposers and the processes for which
they are responsible. This is mediated at least partly by
variation and complexity in plant chemistry due to sec-
ondary plant metabolites and plant stoichiometry (Enrı ´que ´z
et al. 1993; Wardle 2002; Sudderth et al. 2005; Osler and
Sommerkorn 2007). Traditionally, nitrogen (N) has been
regarded to be the key limiting element in terrestrial sys-
tems (Vitousek and Howarth 1991;A ˚gren and Bosatta
1996), while phosphorus (P) plays a much more important
role in limnetic systems (e.g. Schindler 1977). However,
production in many terrestrial systems can also be inﬂu-
enced by P-limitation (Elser et al. 2007), especially in
Communicated by Michael Madritch.
Electronic supplementary material The online version of this
article (doi:10.1007/s00442-010-1753-7) contains supplementary
material, which is available to authorized users.
J. Bengtsson (&)
Department of Ecology, Swedish University of Agricultural
Sciences (SLU), Box 7044, 750 07 Uppsala, Sweden
e-mail: Jan.Bengtsson@ekol.slu.se
C. Janion   S. L. Chown
Centre for Invasion Biology, Department of Botany
and Zoology, , Stellenbosch University, Private Bag X1,
Matieland 7602, South Africa
H. P. Leinaas
Integrative Biology Group, Department of Biology,
University of Oslo, PO Box 1066, 0136 Oslo, Norway
123
Oecologia (2011) 165:225–235
DOI 10.1007/s00442-010-1753-7geologically older areas which never have been subjected
to glaciation or aeolian deposits, such as Hawaii (Vitousek
2004) and South Africa (Richards et al. 1997, but see also
Witkowski 1989). In addition, even if N is a limiting factor
for primary production in a system, herbivory and litter
decomposition processes may still be inﬂuenced signiﬁ-
cantly by other aspects of plant stoichiometry, such as P
content (Hobbie and Vitousek 2000).
Differential effects of species at the scale of individual
plants may be important for spatial variation and hetero-
geneity in ecosystems. It may create a mosaic structure of
ecosystem processes even within vegetation types (Usher
et al. 1982; Saetre and Ba ˚a ˚th 2000; Ettema and Wardle
2002; Whitham et al. 2003). Below-ground variation in the
quality and quantity of litter originating from different
plant species may contribute to spatial variation in
decomposition and nutrient cycling as well as to soil
community structure (De Deyn et al. 2004; Wardle 2005;
Viketoft et al. 2009). Individual plant species within a
vegetation type can in different ways affect microbial
communities and thereby decomposition rates on a small
scale (Loreau 1998; Ehrenfeld et al. 2005). Decomposer
communities may be adapted to litter fall on the spatial
scale of individual plants, resulting in higher decomposi-
tion rates of a speciﬁc litter type under the plant species
from which it originates (Ayres et al. 2009). Alternatively,
plant species produce litter of different stoichiometry,
which in itself may affect decomposition rates substantially
(Enrı ´que ´z et al. 1993; Sterner and Elser 2002).
The Western Cape of South Africa is characterized by
the hyperdiverse vegetation of the fynbos biome (Cowling
and Lombard 2002; Linder 2003; Mucina and Rutherford
2006; Thuiller et al. 2006). Typical fynbos vegetation
occurs on poor, sandy or stony soils (Mucina and Ruther-
ford 2006). It is characterized by Proteaceae, ericoid
shrubs, and the reed-like Restionaceae, which have low
nutrient content and produce slowly decomposing litter
(Mitchell et al. 1986; Witkowski 1991). Previous studies
have suggested that biological decomposition is so low that
litter accumulates on the ground for years, until it is con-
sumed by the periodic ﬁres typical of this vegetation type.
Consequently, it has been argued that ﬁre is a major factor
for litter decomposition and nutrient cycling in fynbos
vegetation (Mitchell 1983; Mitchell et al. 1986; Stock and
Lewis 1986; Stock and Allsopp 1992).
The fynbos biome, however, also includes other vege-
tation types, one of the most signiﬁcant being the reno-
sterveld, which is also ﬁre-prone. It occurs on richer, more
developed and clay-rich soils, e.g. in valleys and on river
plains, and, in contrast to the typical fynbos vegetation,
includes few proteoids, ericoids and restioids (see Mucina
and Rutherford 2006). Renosterveld used to constitute
about 30% of the fynbos biome (Mucina and Rutherford
2006), but as it occupied the most fertile soils of Western
Cape, it has long been under pressure from agriculture and
urban development (Kemper et al. 1999; Rouget et al.
2003). The restricted remains of this formerly extensive
vegetation type are highly fragmented and often strongly
inﬂuenced by grazing from cattle and sheep. The deﬁning
plant species of this vegetation type is the renosterbos
Elytropappus rhinocerotis (Asteraceae), which is an
abundant and conspicuous shrub. Other important elements
in this vegetation type are asteraceous shrubs, and a rich
geophyte ﬂora (Mucina and Rutherford 2006). Elytropap-
pus rhinocerotis is unpalatable to livestock (Proksch et al.
1982), and thus it may be favoured by grazing, as is cer-
tainly true of the yellowbush (Galenia africana), which has
become a dominant species in many disturbed and over-
grazed areas (van der Lugt et al. 1992; Allsopp 1999).
Generalisations about ecological processes in the fynbos
biome, such as the role of ﬁre in litter decomposition
(Mitchelletal.1986; MitchellandColey1987),have largely
been based on studies of the typically nutrient-poor fynbos.
Muchlessecologicalworkhasbeendoneinrenosterveld(but
see, e.g., Donaldson et al. 2002), and very little is known
about the belowground processes in this vegetation type
(Stock and Allsopp 1992). The differences in plant produc-
tivity and soil properties between the typical fynbos and the
renosterveldmayaffectplantstoichiometryandtherebyhave
consequences for decomposition and nutrient dynamics.
In this study, we compare decomposition of litter,
measured as mass loss from litter bags, from selected plant
species in renosterveld. In particular, we examine to what
extent decomposition dynamics of litter from different
species can be predicted from their stoichiometry, and the
shrub species under which they are placed. We chose to
focus on two herbaceous shrubs common to the renoster-
veld, E. rhinocerotis and G. africana, which both have
considerably higher N and P content (personal observa-
tions) than typical fynbos plants (Mitchell et al. 1986), and
also differ between each other in stoichiometry (see
below). In addition, we included a geophyte, Watsonia
borbonica (Iridaceae), as a representative of the rich geo-
phyte ﬂora typical of renosterveld (Mucina and Rutherford
2006). The results are compared with previous studies of
decomposition in fynbos. The study is part of a larger
project examining soil animal diversity and ecosystem
processes in the fynbos biome.
Materials and methods
We recorded mass loss of litter placed in the ﬁeld in small
containers (plastic litter bags), designed to examine both
soil animals and decomposition, for 6 months during the
South African winter in 2007 (March–September).
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Two study sites with remnant patches of renosterveld
vegetation were chosen in an agricultural landscape north
of Piketberg, approximately 200 km N of Cape Town,
South Africa. The area has typical Mediterranean climate
with cool, moist winters and hot, dry summers (Online
Resource, Appendix 1). The two farms, Meerlandsvlei and
Renosterhoek, grow mainly wheat and canola. Both also
have livestock, grazing being most intense at Renoster-
hoek. Parts of the farms contain areas with semi-natural
vegetation, mainly renosterveld. Although most grazing
occurs on the farmed ﬁelds, the renosterveld patches were
also somewhat affected. Two such patches with both
G. africana and E. rhinocerotis bushes were selected. Both
study sites were within 50 m of farmed ﬁelds, as most of
the patches with natural vegetation in this area are small
(from 10 to 200 m in diameter; mean area approx. 10 ha).
The site at Renosterhoek (3232.1460S, 1849.3930E)
was an approximately 1-ha area that was moderately
grazed when the study commenced. The shrub layer was
dominated by E. rhinocerotis, interspersed with a large
number of G. africana bushes. The ground layer had both
grasses and forbs. The Meerlandsvlei site (3234.1890S,
1853.0090E) was a smaller patch,\0.5 ha, and had a more
species-rich shrub layer, but with both G. africana and
E. rhinocerotis occurring commonly. Bare ground was
common at both sites during the dry season, but by the end
of the study period in August–September, it was largely
covered by annual plants, mainly forbs. The size and
vegetation of the two selected patches can be considered
representative of the large number of small patches
with semi-natural vegetation in the renosterveld of the
Swartland area north of Cape Town and elsewhere (see
Donaldson et al. 2002). None of the sites had burned during
the years preceding the study, but on Meerlandsvlei some
parts of the patch bordering the wheat ﬁelds were acci-
dentally burned in early May, resulting in a loss of traps
from two pairs of bushes (see below).
Plant species, litter collection and treatment
Three plant species were chosen for study. Renosterbos,
Elytropappus rhinocerotis (Asteraceae), is the deﬁning
plant species for the renosterveld vegetation type (Mucina
and Rutherford 2006). It is a common, evergreen, resinous
shrub, up to 2 m tall and with scale-like dark green leaves.
It occurs on more fertile clay, shale and sandstone soils
over much of the Western Cape (Manning 2007). It is rich
in phenolics (Proksch et al. 1982), and has been used for
infusions in traditional medicine (van Wyk et al. 2000). Its
resin exhibits anti-herbivore properties by acting as a tan-
nin-like compound (Proksch et al. 1982). The plant
material used in this study was obtained from a stand close
to Stellenbosch, and had C:N = 52.4, and C:P = 810.
Galenia africana (Aizoaceae) is also a common shrub in
the Western Cape, up to 1.5 m tall. It is an indicator of
disturbance such as overgrazing (Allsopp 1999; Todd and
Hoffmann 1999), has a complex set of secondary com-
pounds and is toxic to sheep and goats (Van der Lugt et al.
1992; Vries et al. 2005). It has been argued to enrich and
stabilize soils under its canopy, producing fertile islands
with higher levels of nitrogen and available phosphorus
(Allsopp 1999; Simons and Allsopp 2007). This species
was collected from an overgrazed rangeland west of the
Paarl mountain, where it was the dominant shrub in the
vegetation. It had a higher nutrient content than E. rhi-
nocerotis (C:N = 23.0, and C:P = 367).
The geophyte Watsonia borbonica (Iridaceae) is a
robust, branched, 50- to 200-cm-tall perennial with ﬁrm
leaves which turn brown by the end of summer. It occurs
on sandstone, granite and clay in the southwestern Cape
(Manning 2007). The species represents the sturdier ele-
ments of the rich geophyte ﬂora in the Western Cape, and
may be quite numerous in renosterveld patches (personal
observation). Although it is not listed by Mucina and
Rutherford (2006) as a species typical of renosterveld in
the Piketberg area, the similar, congeneric geophyte,
Watsonia marginata, is an important element in this area.
However, for conservation reasons, we did not include
material of this species, nor of representatives of the short-
lived seasonal or annual geophytes, most of which ﬂower
in spring and disappear shortly afterwards. Watsonia bor-
bonica litter was collected in an area dominated by this
species in the Jonkershoek Nature Reserve, 10 km SE of
Stellenbosch. It had the lowest nutrient content of the three
studied species (C:N = 133, and C:P = 8,277). The
chemical composition of all plant materials used is given in
Online Resource, Appendix 2.
Plant material of E. rhinocerotis and G. africana was
collected on 6–7 March 2007, at the end of the dry season,
by cutting the outer 10–20 cm of branches of healthy
shrubs. The material was taken to the laboratory, dried at
40C for at least 24 h, and then stored in open containers at
room temperature. We separated the leaves and outermost
(1–2 cm) thin branches from the coarser material, and cut
this into approximately 1-cm-long pieces. Watsonia bor-
bonica was collected on 7 March by taking whole leaves
from the plants. The leaves were cut into approx. 1 9 1c m
pieces and dried at room temperature for 5 days. For each
species, the air-dried litter was mixed thoroughly and then
stored dry at room temperature until placed in the litter
bags. To estimate initial nutrient content, dry mass and ash-
free dry mass, six randomly selected samples of each
species were taken when the litter bag traps were being
ﬁlled.
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drical plastic containers with a height of 4 cm and a
diameter of 7.5 cm. The bottom consisted of a steel net
with mesh size 0.5 mm. The traps had a removable lid with
1.6-mm mesh size to allow animals to enter the trap. In the
laboratory, the traps were ﬁlled with air-dried litter up to
approx. 3.5 cm, which had been weighed to nearest 0.1 mg
on an electronic balance (FA304T; Avery Berkel, Fair-
mont, USA). The litter was not compressed and was
allowed to maintain its normal volume and density.
Average litter dry mass per trap was: G. africana 16.33 g
(range 15.38–17.34), E. rhinocerotis 9.91 g (range
9.42–10.51) and W. borbonica 8.76 g (range 8.09–9.57),
corresponding to on average 13.81, 9.51 and 8.54 g of
organic matter, respectively. The ﬁlled traps were stored
dry at room temperature before being deployed in the ﬁeld
on 14 March 2007.
Experimental design
To examine the differences in decomposition rate and
nutrient dynamics among the three litter types, and to test if
there was effect of the bush species under which litter was
placed on decomposition rate, we placed three sets of three
litterbag traps under ﬁve bushes of G. africana and ﬁve
bushes of E. rhinocerotis at each of the two sites. Each set
contained one trap of each litter type. The bushes were
chosen to ensure that both bush species were interspersed
over the whole study site, to avoid confounding the bush
effect with unmeasured environmental gradients. Coordi-
nates for each bush was obtained by GPS.
The traps were placed under the bushes, less than 40 cm
from the bush base, on the southwest to southeast side to
minimise sun exposure. They were placed in the soil with
the top of the trap at ground level. The traps in each set
were placed within 3–4 cm from each other, while the
distance between sets under a bush was at least 10 cm.
An accidental burning destroyed 24 of the traps at
Meerlandsvlei. In addition, 4 traps at Renosterhoek were
dug up by animals, 4 traps were ﬂooded at Meerlandsvlei,
and 4 traps were lost for unknown reasons. The data set
thus comprises 146 of the original 180 traps, but the losses
were not much more common for one litter type or bush
species (Table 1).
Collection of traps and laboratory treatment
To examine mass loss variation over the season, the litter-
bags were sampled at three times: 18 May, 27 July and 12
September 2007, i.e. after 65, 131 and 182 days in the ﬁeld.
At each sampling period, one randomly selected set of traps
was collected from each bush, while the remainder were left
for later collection. When traps were collected, they were
taken out of the soil, wrapped in aluminium foil and
immediately placed individually in plastic bags and stored
cool, in an upright position in thermally insulated contain-
ers, until they were returned to the laboratory on the same
evening. They were then stored at 8–10C for 1–7 days.
Before chemical analysis, soil animals were extracted
from the samples (results not presented here). The dry litter
samples in each trap were then gently transferred to alu-
minium foil and dried at 50 for at least 24 h to ensure that
the samples were dry before storage. Little organic material
was lost during the extraction process. The dried samples
were individually packed in aluminum foil and plastic
bags, and sent to Sweden for determination of mass loss
and chemical composition.
Mass loss was determined as loss of organic matter from
the traps. Dry weight was determined by weighing samples
before and after heating at 105C for 24 h. Ash-free dry
weight was determined after heating at 550C. The differ-
ence between ash-free dry weight and dry weight was used
as the measure of organic matter in the material. Many traps
had accumulated mineral soil particles during the study
period, which was accounted for by this procedure.
Total C and N concentrations in the dried material were
determined using a Carlo-Erba NA 1500 Elemental Ana-
lyzer (Strumentazione, Milan, Italy). Phosphorus (P) and
K, Na, Mg and Ca were measured by Inductively Coupled
Plasma Atomic Spectroscopy (Optima 3000; PerkinElmer,
Waltham, MA, USA) after wet combustion of 400 mg
ground material in nitric and percloric acid.
Statistics
Mass loss of organic matter was measured by the decom-
position constant k calculated assuming the exponential
decomposition model (Olson 1963), i.e.
Wt ¼ W0e kt ð1Þ
Table 1 Decomposition rate (k values) of litter of the three reno-
sterveld plant species, Galenia africana (G), renosterbos Elytropap-
pus rhinocerotis (R) and Watsonia borbonica (W)
Litter type k value (day
-1)S E n Half-life
(days)
SE n
G 0.00674 0.00012 50 101.2 151.5 36
R 0.00222 0.00012 47 308.4 151.5 34
W 0.00029 0.00012 49 2,032 151.5 35
Values are mean k values (decomposition constant in the exponential
decay model; unit g g
-1 organic matter day
-1) and mean mass half-
life (in days) for the three litter types across the three sampling days.
Only the effect of litter type is shown because variation due to this
factor was far greater than for all other factors (as shown in Table 2).
Half-life values do not include data from sampling day 65 because of
a number of negative mass loss values for W. borbonica (indicating
increased mass; see text)
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experiment and Wt is the mass of organic matter at time
t. The constant k has the unit day
-1 and was calculated for
each litter bag for each sampling day, which was the var-
iable used in the statistical analysis. We also calculated
half-life of litter 0.693 k
-1, turnover time of litter k
-1, and
the proportion of organic matter lost at each sampling day
(Olson 1963). Carbon to nutrient ratios were calculated on
a weight basis using the data from the chemical analyses.
All ratios were square-root-transformed before statistical
analysis, while k values were untransformed.
WeanalysedthedatawithaGeneralLinearMixedModel
(GLMM) using SAS procedure Mixed. The ﬁxed factors in
the model were at level 1 Farm, Bush species and their
interaction Farm 9 Bush species, at level 2 Litter type and
its interactions with the above factors, and at level 3 Sam-
pling day and its interactions with all the factors above. The
error term when testing effects of factors at level 1 was
Farm 9 Bush species 9 Bush number, at level 2 the error
term was Litter 9 Farm 9 Bush species 9 Bush number,
and at level 3 the residual error. The full model is given in
Table 2,andwasusedforalldependentvariables.Degreesof
freedom were estimated with the Satterthwaite method.
Results
Decomposition
Litter type was by far the most important factor
explaining variation in decomposition rate, measured as
loss of organic matter from the litterbags (Tables 1, 2).
Galenia africana litter decomposed most rapidly, with
less than 40% of the original organic matter mass
remaining after 131 days, but with little further decom-
position in the following months (Fig. 1). By contrast,
E. rhinocerotis had lost ca. 30% of the original mass after
182 days, while the W. borbonica litter had decomposed
very slowly with less than 10% of the original mass lost
at the end of the study. In fact, the amount of organic
material in W. borbonica litterbags increased slightly
during the ﬁrst time period (from March to May, Fig. 1;
one-sample t test if mass loss is negative and differs from
0, p = 0.0085, n = 14) and decreased only from May
onwards.
Half-life of litter ranged from 100 days for G. africana
to more than 5 years for W. borbonica litter (Table 1).
Turnover of litter was 0.4 years for G. africana, 1.2 years
for E. rhinocerotis and 8.6 years for W. borbonica. How-
ever, because these values were calculated for the ﬁrst
182 days of decomposition only, the degree of uncertainty
in the estimates is fairly high, with the exception of the fast
decomposing G. africana.
The temporal pattern in decomposition rates (k values)
during the experiment differed between species, as indi-
cated by the signiﬁcant Litter type 9 Sampling day inter-
action (Table 2). All litter types showed an increase in
decomposition rate from May to July (Days 65–131; data
not shown). However, G. africana then showed a sub-
sequent strong decrease in decomposition rate from July to
September (Days 131–182; Fig 1). Evidently, most of the
Table 2 Statistical (GLMM) analysis of decomposition rate in relation to the ﬁxed factors farm, bush species, litter type and sampling day
Factor df F P
Farm 14.6 2.75 0.1183
Bush species 14.6 2.38 0.1440
Bush species 9 Farm 14.6 4.18 0.0593
Litter type 29.5 1,108.4 \0.0001
Litter type 9 Bush species 29.5 0.06 0.9411
Litter type 9 Farm 29.5 2.82 0.0756
Litter type 9 Bush species 9 Farm 29.5 2.71 0.0833
Sampling day 77.1 30.84 \0.0001
Sampling day 9 Bush species 77.1 0.87 0.4212
Sampling day 9 Farm 77.1 0.88 0.4178
Sampling day 9 Bush species 9 Farm 77.1 1.27 0.2873
Litter type 9 Sampling day 79.2 13.69 \0.0001
Litter type 9 Bush species 9 Sampling day 79.2 0.39 0.8169
Litter type 9 Farm 9 Sampling day 79.2 0.53 0.7170
Litter type 9 Bush species 9 Farm 9 Sampling day 79.2 1.25 0.2971
The table shows the results from a General Linear Mixed Model analysis of the decomposition constant (k values in Table 1) in relation to the
ﬁxed factors Farm, Bush species (i.e. the bush species under which litters were placed; G. africana or E. rhinocerotis), Litter type (i.e. the litter
collected from the three species G. africana, E. rhinocerotis or W. borbonica) and Sampling day (65, 131 or 182 days from the start of the
experiment)
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peared well before the last sampling day.
There was no indication that decomposition was slower
when litter of one species was placed under plants of
another species. The Bush species 9 Litter type interaction
was far from signiﬁcant in the analyses of decomposition
rate (e.g. Table 2). On the contrary, decomposition of all
litters appeared to be somewhat faster (on average 8%)
when placed under G. africana than under E. rhinocerotis,
but the effect varied between the two farms as reﬂected in
the Bush species 9 Farm interaction term (Table 2).
Figure 2 shows the relations between initial plant
material chemical composition and mass loss. Galenia
africana, which decomposed fastest, had the highest initial
concentrations of N, P, Na and Mg while the very slowly
decomposing brown W. borbonica had by far the lowest
concentration of the same nutrient elements. Furthermore,
the intermediate litter type, E. rhinocerotis, followed sim-
ilar relationships between the concentrations of these ele-
ments and their decomposition rates. To summarise, we
found lower mass loss with increasing C/N and C/P ratios,
as well as for C/Na and C/Mg ratios, while initial C/K and
C/Ca ratios showed no clear relation to mass loss.
Stoichiometry during decomposition
Plant litter stoichiometry showed signiﬁcant temporal
changes in all litter types. It also differed substantially
between litter types (Fig. 3; Online Resource, Appendices
2–3). In all litter types, N and P concentrations increased
over time, as shown by the decreasing C/N and C/P ratios
(Fig. 3a, b). This was most evident in W. borbonica litter,
and in particular for the C/P ratio (Fig. 3b). The patterns of
Fig. 1 Mass loss in three litter types in relation to time during the
South African winter 2007. Galenia africana (ﬁlled dots), renosterbos
Elythropappus rhinocerotis (ﬁlled triangles) and Watsonia borbonica
(open squares). Mass loss differed signiﬁcantly between the litter
types (Tables 1 and 2). Day 0 = 14 March 2007. Standard error bars
are smaller than the dots
Fig. 2 Remaining mass at the
end of the study period (day
182) in relation to carbon to
nutrient ratios of the original
material. a C/N, b C/P, c C/K
and C/Na, and d C/Ca and
C/Mg. Notation: a and
b Galenia africana (ﬁlled dots),
renosterbos Elythropappus
rhinocerotis (ﬁlled triangles)
and Watsonia borbonica (open
squares); c and d as above for K
and Ca, while for Na and Mg
the dots are connected by lines,
and G. africana (open dot),
E. rhinocerotis (open triangle)
and W. borbonica (ﬁlled
square), Standard error bars are
smaller than the dots
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elements and four litter types. C/K and C/Na ratios
increased with time in G. africana and E. rhinocerotis,
indicating higher losses of these elements than expected
from mass loss. By contrast, W. borbonica litter showed
decreasing C/K and C/Na ratios over time (Fig. 3c, f).
Decreased C/Mg ratios over time were found for all litter
types except G. africana (Fig. 3e). Levels of and changes
in C/Ca appeared to be unrelated to the other elements.
G. africana litter showed the lowest C/Ca ratios, as
expected, but W. borbonica litter had lower C/Ca ratios
than E. rhinocerotis, which was the most Ca poor litter
during the whole study period (Fig. 3f).
The plant litter types varied in the dynamics of N and P
(Fig. 4). In G. africana litter, despite a decrease in C/N
ratio, more than half of the original nitrogen (57%) had
been mineralised and lost from the litterbags during the
study period. Much less nitrogen had been mineralised
from E. rhinocerotis litter (15%) while in the W. borbonica
litter, N had accumulated during the same period (Fig. 4a).
Similarly, there had been a marked loss of P from G. afri-
cana and E. rhinocerotis litter. The brown W. borbonica
litter differed fundamentally from the other litter types by a
strong accumulation of P, that must have been obtained
from the surroundings (Fig. 4b). Nutrient concentrations
were higher in litter placed under G. africana bushes than
in litter placed under E. rhinocerotis (Online Resource,
Appendix 3).
Discussion
Earlier studies have suggested that decomposition of typi-
cal fynbos plants is very slow (Mitchell et al. 1986;
Mitchell and Coley 1987; Witkowski 1991; Stock and
Allsopp 1992). Our study showed considerably higher
decomposition rates than found in these previous studies
(Table 3). One possible explanation for these contrasting
results is that decomposition is generally faster in the more
nutrient-rich renosterveld than in typical fynbos vegetation,
which grows on nutrient-poor soils (e.g. Witkowski 1991;
Mucina and Rutherford 2006; Manning 2007). However,
Fig. 3 Temporal changes in carbon to nutrient ratios in three litter
types: Galenia africana (G, ﬁlled dots), renosterbos Elythropappus
rhinocerotis (R, ﬁlled triangles) and Watsonia borbonica (W, open
squares). See Online Resource, Appendix 3 for results from statistical
analyes. Standard error bars when not visible are smaller than
the dots. a C/N-ratio in litter types G, R and W decreased with
time. b C/P-ratio in litter types G, R and W decreased with time.
c C/K-ratio in G and R increased with time, while it decresed in W.
d C/Ca-ratio in all litter types decreased with time. e C/Mg-ratio in R
and W decreased with time, but did not change in G. f C/Na-ratio in G
and R increased with time while W decreased
c
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123these differences could also be a consequence of the fact
that only a few, typically proteoid species in fynbos veg-
etation have been investigated. Thus, it is possible that
decomposition is also much more variable (i.e. with some
species having half-lives similar to those we found for
G. africana and E. rhinocerotis) in the typical fynbos
vegetation than the few studies undertaken to date suggest.
Such an assumption also seems plausible given that
decomposition was highly variable among the renosterveld
species investigated here (Table 3). In fact, G. africana and
E. rhinocerotis show decomposition rates within the range
of shrubs and deciduous trees in other biomes (see Fig. 1 in
Enrı ´que ´z et al. 1993). In contrast, the half-life of W. bor-
bonica litter was more similar to the previously studied
Proteid shrub species in fynbos, such as Protea and Leu-
cospermum (Table 3), which is extremely slow compared
to the decomposition rates presented in Enrı ´que ´z et al.
(1993).
Our results suggest that decomposition processes in the
fynbos biome are more complex and variable than
indicated by previous studies, as anticipated by, e.g.,
Mitchell (1983) and Stock and Allsopp (1992). The results
also question the previous generalisation that ﬁre is the
main factor contributing to litter breakdown and nutrient
release in this biome (Mitchell et al. 1986). Although it is
obvious that ﬁre must play an important role in decom-
position in some years, especially for species with long
half-lives, such as the proteoids and W. borbonica, the
considerable diversity of species and higher taxa within a
given area of fynbos (e.g. Cowling et al. 1997; Cowling
and Lombard 2002) indicates that biological decomposi-
tion by soil fauna and microbial communities has likely
been underestimated, as earlier suggested by Marion
(1982). For instance, assuming a ﬁre interval of about
11 years, the estimated average for fynbos systems (van
Wilgen 2009), the decomposition rates measured in our
study would imply that that biological decomposition
accounted for more than 80% of the removal of G. africana
litter, but only about 30% of W. borbonica. This is, of
course, a rough estimate, but it emphasises that a better
Fig. 4 Changes in proportion of original amounts of a N and b Pi n
litterbags over time. Galenia africana (ﬁlled dots), renosterbos
Elythropappus rhinocerotis (ﬁlled triangles) and Watsonia borbonica
(open squares). The proportion of initial N and initial P remaining
differed between litter types and decreased in G. africana and
E. rhinocerotis but increased in W. borbonica (p\0.05 in all cases).
Standard error bars when not visible are smaller than the dots
Table 3 Decomposition rates (k) and half-life of litter of South African fynbos and renosterveld species
Species Vegetation type k value (day
-1) Half-life (days) Source
Galenia africana Renosterveld 0.00674 101 1
Elythropappus rhinocerotis Renosterveld 0.00222 308 1
Watsonia borbonica Fynbos/renosterveld 0.00029 2,032 1
Leucospermum parile Lowland fynbos 0.00080 887 2
Leucospermum parile Lowland fynbos 0.00065 1,062 3
Pterocelastrus tricuspidatus Strandveld 0.00051 1,366 3
Protea repens Lowland fynbos 0.00013 5,161 4
Protea repens Mountain fynbos 0.00018 3,778 4
Data from this study (1) and the literature (2–4)
1 this study; 2 Mitchell et al. (1986). Calculated from data on ash-free dry mass loss; 3 Witkowski (1991). Calculated from turnover time; 4
Mitchell and Coley (1987). Calculated from dry mass half-life
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123understanding of decomposition in this biome requires
studies relating this process to variation in plant species
identity and nutrient composition within and among veg-
etation types. Also, differential ﬁre frequencies and the
nutrient status of soils need to be taken into account. In
particular, there is a need to study the contribution from
short-lived seasonal or annual plants to biological decom-
position rates.
In this study, plant litter with higher nutrient contents
decomposed faster (Fig. 2). Such a relation with initial
nutrient content has been documented in numerous previ-
ous studies (e.g. Enrı ´que ´z et al. 1993; Sterner and Elser
2002). During decomposition, C/N and C/P ratios
decreased in all litter types. This increase in litter nutrient
concentration is primarily a function of respiration (carbon-
use efﬁciency) and the degree of nutrient uptake and
immobilization by decomposers, which both depend on
litter quality (nutrient content) (Manzoni et al. 2008).
Consequently, the increase in concentration was strongest
in the nutrient poor brown W. borbonica. This mechanism
has been well documented for N-mineralisation (Manzoni
et al. 2008), but we here show an even more pronounced
effect on P.
The effect of litter quality becomes even more clear
when considering the total amount of nutrient remaining in
the litter rather than the concentration (Fig. 4 vs. Fig. 3). In
the two nutrient rich litters, nitrogen and phosphorus was
mineralised and lost from the litter bags into the soil. By
contrast, in the extremely nutrient poor W. borbonica, these
elements actually accumulated in the litter bags throughout
the experimental period. Hence, there was a net transpor-
tation from the surroundings into the litter bags, possibly
because of fungal activity (Staaf and Berg 1982; Lindahl
and Olsson 2004). Alternatively, passive transportation
(leakage) of nutrients from the surrounding soil could have
occurred. In the present case, the fact that W. borbonica
litter bags actually increased in mass of organic matter
during the ﬁrst 65 days supports the ﬁrst suggestion. In any
case, it seems likely that an increased concentration of
nutrients was important to initiate the delayed decompo-
sition in this species and that the mineralised nutrients
subsequently were taken up; i.e. immobilised by the
decomposers. In another study of the fynbos plant Leuco-
spermum parile, a slight increase in P content during the
ﬁrst year of decomposition was observed (Mitchell et al.
1986). The concentrations of K, Na and Mg in W. borbo-
nica showed similar increases during decomposition as did
N and P. By contrast, in the two litters with high decom-
position rates, concentrations of K and Na decreased during
the study period, probably because they are easily dis-
solvable. The different behaviour of C/Ca ratios was not
related to mass loss.
Galenia africana contains secondary compounds that
are toxic to grazers (Van der Lugt et al. 1992; Vries et al.
2005). Nevertheless, it was the most easily decomposed
litter, indicating that secondary compounds may not inhibit
decomposition processes, possibly because qualitative
chemical defences occur in low concentrations in litter and
are fairly easily decomposed or leached out of the litter
(Schonholzer et al. 1998).
Plant species effects on decomposer communities have
commonly been observed on the spatial scale of a few
metres (e.g. Saetre and Ba ˚a ˚th 2000; Ettema and Wardle
2002; Viketoft et al. 2005). We found no evidence for the
‘home-ﬁeld advantage’ hypothesis among decomposer
communities (e.g. Ayres et al. 2009) that litter of a species
would decompose faster under bushes of the same species
than when placed under bushes of another species. This
holds for both the deﬁning species of renosterveld (E. rhi-
nocerotis), as well as for one of the most important indi-
cators of disturbance in this vegetation type (G. africana).
Thus, these decomposer communities do not seem to be
adapted to the litter of a particular plant species at the scale
of single shrub individuals. This is consistent with previous
conclusions by Wardle (2005) and Ehrenfeld et al. (2005).
By contrast, all plant litter types tended to decompose
slightly faster under G. africana than under E. rhinocerotis.
This could be a consequence of more suitable microclimate
conditions for decomposition under G. africana. Another
reason could be related to the fact that nutrient conditions
have been suggested to increase under G. africana bushes
(Allsopp 1999). This suggestion is supported by our ﬁnding
that litter placed under G. africana had higher nutrient
concentrations than litter placed under E. rhinocerotis
(Online Resource, Appendix 3). Hence, all else being equal,
microbial decomposers may be more active under G. afri-
cana resulting in a slightly higher decomposition rate.
Conclusions
Our results suggest that litter decomposition rates in the
fynbos biome may be more variable than indicated by
previous studies, which were conﬁned to fynbos vegeta-
tion. There seems to be considerable variation between the
renosterveld and fynbos vegetation, but also between dif-
ferent litter types within these vegetation types. Thus,
previous generalisations regarding the key role of ﬁre for
decomposition processes in this biome may need to be
revisited. Finally, our study addressed the ‘home-ﬁeld
advantage’ hypothesis among decomposer communities in
renosterveld, but we did not ﬁnd any evidence that these
are adapted to the dominant plant species at the scale of
single plant individuals.
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